Background: There is no established treatment of AA amyloidosis, a long-term complication of various chronic inflammatory diseases associated with increased mortality, such as familial Mediterranian fever (FMF).
Background
Familial Mediterranean Fever (FMF) is an autosomal recessive autoinflammatory disease characterized by recurrent attacks of fever and serositis, prevalent among eastern Mediterranean populations. Life-long, daily colchicine treatment prevents the recurrence of inflammatory attacks and also the development of AA amyloidosis, which is the most devastating complication of the disease related with increased mortality [1] . Development of AA amyloidosis in a compliant patient on regular prophylactic dose of colchicine is extremely rare. However poor compliance is common and intolerance due to side effects may render the patient from receiving the proper dose that will protect from amyloidosis [2] .
FMF is the most common cause of AA amyloidosis in Turkey with an overall frequency of 1-2/1000 and amyloidosis is diagnosed in about one tenth of this population [3, 4] .
Although a number of agents have been considered, there is no established treatment of AA amyloidosis. IL-6 is one of the pro-inflammatory cytokines playing a critical role in the induction of SAA genes, thus inhibition of IL-6 results in dramatic suppression of SAA [5, 6] . Recently several case reports have been published showing that tocilizumab (TCZ), a humanized monoclonal anti IL-6 receptor antibody, was effective in the treatment of amyloidosis secondary to various rheumatic diseases. It binds to soluble and membrane-bound IL-6 receptors and down regulates the synthesis of IL-6 with significant decrease in SAA levels [7, 8] .
Here we report our experience with TCZ in the treatment of 12 FMF patients complicated with AA amyloidosis.
Methods
In this case series, 14 patients recieved TCZ with the diagnosis of FMF related AA amyloidosis. Only the results of 12 are given here because of suspect diagnosis of FMF in one, and the discontinuation of TCZ after hypertensive attack observed right after the first infusionin the other patient. All 12 patients with biopsy-proven FMF amyloidosis were regular attendees of the dedicated FMF clinic in Cerrahpasa Medical Faculty. They fullfilled the Tel-Hashomer criteria for FMF [9] .
Fever (11 patients), abdominal pain (11 patients) and arthralgia (11 patients) were the most frequent symptoms experienced by our patient group during the attacks. Other generally less frequent attack features like arthritis (11 patients) and myalgia (ten patients) were also frequent in our patient group.
Four patients had concomittant ankylosing spondilitis (AS), diagnosed according to the modified New York criteria [10] and one of them also had Crohn's disease.
The diagnosis of amyloidosis was confirmed by detecting amyloid deposits in the tissues obtained either from rectum (two patients) or kidney (ten patients). The specimens were stained with Congo red and evaluated for yellow-green birefringence by polarizing microscope.
The indications for TCZ treatment were high acute phase response during attack-free periods and deterioration of renal and/or gastrointestinal functions due to amyloidosis on maximum tolerated dose of colchicine. Patients with end stage renal disease (ESRD) on dialysis were excluded. All of the patients continued daily prophylactic dose of colchicine except one, who experienced serious diarrhea and vomiting on this medication. The patients were treated with TCZ 8 mg/kg body weight/month. No premedication was given.
Each patient was monitored monthly for the following parameters: creatinine, creatinine clearance, the amount of 24-hour urinary protein, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP). Patients were questioned for the recurrence of FMF attacks and were closely monitored for adverse and side effects of the treatment.
For statistical purposes only the measurements obtained before starting TCZ treatment and at the last observation were considered.
In addition, we searched the PubMed using keywords 'tocilizumab' and 'familial Mediterranean fever' and compared the resulting five studies in Table 1 .
Statistical analysis
Continuous variables with more or less normal distribution were expressed as mean ± S.D.
All tests were performed using version 13.0 of SPSS software for Windows (SPSS Inc, Chicago, IL, USA).
Results
The demographic characteristics and treatment details of 12 patients with the definite diagnosis of FMF and biopsy proven AA amyloidosis who received TCZ are given in Tables 2 and 3 . The mean age of the patients was 35.2 ± 10.0, the mean duration of FMF was 15.0 ± 9.2 and of amyloidosis was 3.9 ± 4.8 years. The mean maximum dose of colchicine before TCZ therapy was 1.9 ± 0.4 mg/day.
The mean duration of TCZ therapy was 17.5 ± 14.7 months and the mean number of infusions was 14.2 ± 12.3, the range being 4-32.
Symptoms of the patients during attacks were fever and abdominal pain in 11 (91.7%), arthritis in 9 (75.0%), erysipelas-like erythema in 4 (33.3%) and pleuritis in 2 (16.7%).
Eight patients had received several DMARDs or other biological agents before TCZ either for amyloidosis or associated diseases. Anakinra was given to five, canakinumab to three, infliximab to three, cyclophosphamide to two, etanercept to one, sulfasalazine to two and azathioprine to one patient( Table 3 ). The reasons for terminating these agents wereeither ineffectiveness or allergic reactions.
The renal functions remained stable (the mean creatinine from 1.1 ± 0.9 mg/dl to 1.0 ± 0.6 mg/dl and the mean GFR from 111.7 ± 50.1 ml/min to 108.9 ± 54.8 ml/min) and the mean 24-hour urinary protein excretion reduced from 6537.6 ± 6526.0 mg/ dl to 4745.5 ± 5462.7 mg/dl, while a significant decrease in acute phase response (the mean CRP from 18.1 ± 19.5 mg/L to 5.8 ± 7.1 mg/L and the mean ESR from 48.7 ± 31.0 mm/h to 27.8 ± 28.3 mm/h) was observed.
Glomerular filtration rate (GFR) was below 50 ml/ min in two patients. After a mean follow up period of 6.5 months on TCZ therapy, the creatinine decreased from 3.2 mg/dl to 2.4 mg/dl in one patient and from 2.6 mg/dl to 1.9 mg/dl in the other, while GFR increased from 37.5 ml/min to 45.1 ml/min and from 39.9 ml/min to 59.0 ml/min, respectively. Also 24-hour proteinuria levels decreased from 12000 mg/day to 2072 mg/day and from 23677 mg/day to 14962 mg/day, respectively. There was also an improvement in CRP (from 1.5 mg/L to 0.3 mg/L and from 11.5 mg/L to 2.7 mg/L, respectively (referance range for CRP: 0-5 mg/ L)) and sedimentation rates (from 32 mm/h to 7 mm/h and from 107 mm/h to 43 mm/h, respectively). The remaining ten patients had GFR over 50 ml/min and the mean duration of TCZ therapy was 21.5 ± 14.5 months. The mean creatinine and GFR of this group remained nearly the same (from 0.8 ± 0.3 mg/dl to 0.8 ± 0.3 mg/dl and from 126.3 ± 40.6 ml/min to 120.3 ± 52.8 ml/min, respectively). The mean 24-hour urine protein level decreased from 4277.4 ± 3228.1 mg/day to 3991.2 ± 4842.3 mg/day. A significant decrease was observed in the mean CRP (from 20.4 ± 20.6 mg/Lto 6.3 ± 5.9 mg/L) and ESR levels (from 44.5 ± 27.3 mm/h to 28.4 ± 30.0 mm/h).
To see whether the group with a comorbidity (n = 4) had an additional burden of inflammation we compared the acute phase response of this group with only FMF patients (n = 8). The initial CRP and ESR levels before initiation of TCZ treatment were lower in the first group (CRP13.3 ± 9.0 vs 20.5 ± 23.3 mg/L; ESR 36.3 ± 22.0 vs 54.9 ± 34.2 mm/h) as the initial 24-hour proteinuria compared to the eight patients without any comorbidity (3772.6 ± 2628.6 vs 7920.1 ± 7576.9 mg/d). In addition the response to treatment with regard to these variables were comparable. Table 4 represents the renal funcions and acute phase responses comparing the whole group with AA-FMF-only group and AA-FMF-coexisting diseases group (Table 4) . These observations point out that there was no increased sign of inflammatoin in the group with a coexisting disease at the time they were exposed to IL-6 blockade.
No FMF attack was observed in 10 of the 12 patients, while one, who also had diagnosis of AS, experienced less frequent and mild attacks. There was only one patient who had recurrent attacks of erysipelas-like erythema (ELE) under TCZ, therefore the treatment was switched to canakinumab.
The interval between the TCZ infusions was increased to 2 months in one patient due to significant improvment in her renal functions, but proteinuria and acute phase reactants increased after the first bimonthly regimen and the therapy was switched back to monthly infusions. Similarly, one other patient whose renal function had improved on TCZ monthly for nearly 2.5 years, deteriorated rapidly after skipping only 2 doses of TCZ because of a respiratory tract infection. She ended up with ESRD and is on hemodialysis.
One patient with starting GFR below 50 ml/min who had benefitted from TCZ therapy was lost to follow up after the 3rd dose. Two years later when he was back to the clinic with a dramatic increase in his 24-hour proteinuria (21000 mg/day), TCZ was reinstituted. Because there was no improvement in his renal function tests and because his acute phase response was in progress after the 2nd dose, the therapy was switched to canakinumab.
Patient with co-existing AS complained of short-lived inflammatory back pain twice which did not necessitate termination of TCZ treatment.
Side effects
One patient experienced transient diplopia after the 6th dose. Her neurological examination and cranial MRI were normal. TCZ was terminated and she rapidly developed ESRD thereafter. One other patient with normal renal functions who already had a diagnosis of essential hypertension and coronary artery bypass operation 4 months before the initiation of TCZ, experienced an increase in her blood pressure after the 13th dose and the therapy was switched to canakinumab. Treatment was stopped in one patient due to hypertensive encephalopathy which developed 1 week after the first dose of TCZ, therefore he was not included in this serie. However later it became clear that the patient was an addict of a synthetic cannabinoid drug which may have contributed to this clinical picture.
None of the patients had opportunistic infections during the therapy. One patient had a non-complicated urinary tract infection during which TCZ dose was skipped and the patient received antibiotics. Another one had a respiratory tract infection which responded well to therapy but after omitting 2 doses of TCZ the patient's renal functions deteriorated.
Biochemical analysis were routinely performed before every dose of TCZ and there were no elevations of transaminases during the therapy. Also we did not observe any pathology in the blood count parameters.
None of the patients developed infusion reactions.
Discussion
Although a number of agents like azathioprine, anti TNFalpha agents, eprodisate, anti IL-1 antagonists have been considered, there is no established treatment of AA amyloidosis by today [11] [12] [13] [14] . Recently beneficial effect of TCZ, an anti IL-6 agent in the treatment of amyloidosis secondary to JIA has been reported [5] . This was followed by other cases of RA, Behcet's Disease and FMF complicated with AA amyloidosis and a case series of 11 patients with FMF amyloidosis treated with TCZ [8, [15] [16] [17] [18] [19] . All Table 4 Comparison of the groups on the basis of renal functions and acute phase parameters reported an overall improvement of renal function, decrease in proteinuria and acute phase response. Serum amyloid A protein (SAA) is an acute-phase reactant mainly synthesized by the liver, which is overproduced during inflammatory conditions in response to various cytokines [20] and which is the precursor of AA fibrils leading to secondary amyloidosis [21] . Supression of SAA protein production by treatment of the underlying inflammatory disease resulted in regression of amyloid deposition in organs and in a better outcome [22] . IL-6 is one of the mediators known to be responsible in the pathogenesis of the FMF. [23] [24] [25] It also induces synthesis of serum amyloid A (SAA) in hepatocytes and its inhibition is postulated to be effective in the treatment of AA amyloidosis.
SAA, ESR and CRP are good indicators of disease activity and response to treatment of the underlying disease that cause amyloidosis [26] . It has been shown by Lachmann that elevated levels of SAA was related with an increased risk of amyloidosis [27] . However the data is scarce, a positive correlation between these markers has been reported [28] . Compared to routinly tested CRP and ESR, SAA is not used widespread in daily practice. Here we report only the results of CRP and ESR, because not all patients have been tested for SAA at each visit.
It is expected that under IL-6 inhibition CRP levels will be low and thus it may not be an ideal indicator of underlying inflammation. However, it is well established that TCZ also inhibits the production of SAA. As SAA is the amyloid precursor protein, reduction in circulating SAA by TCZ will suppress further amyloid load and may allow amyloid regression in some cases. Thus, whilst TCZ may not treat the underlying condition, it will suppress production of amyloid precursor protein and may be a reasonable treatment option in this setting.
Creatinine clearance and proteinuria are good parameters used in the follow up of renal function in patients with amyloidosis. Overall the mean creatinine clearance remained stable while the mean 24-hour proteinuria and acute phase response decreased. In two patients with GFR below 50 ml/min before the initiation of TCZ, creatinine clearence, proteinuria and acute phase reactants improved significantly. One interesting observation was that renal function deterioriated rapidly in two patients after transient discontinuation of treatment for side effects and in one after increasing the infusion interval from one to 2 months for good response. The rapid worsening of renal function after cessation of TCZ treatment in patients with significant beneficial response may suggest that TCZ do not have a direct effect on the amyloid burden of the end organs in these patients.
Among the study group 3 had coexisting AS and one had Crohn's disease. At the initiation of TCZ treatment, all four were in remission with regard to their co-morbidities and did not require any additional therapy. It has been reported that TCZ is not effective in the treatment of AS and one of these four patients experienced mild inflammatory back pain twice. Also in sound with studies presenting the effectiveness of TCZ on Crohn's disease [29] [30] [31] , no exacerbation was detected in the patient with associated inflammatory bowel disease.
We observed hypertension in two patients. Although TCZ's hypertensive effect is well known, we could not rule out the contribution of cannabinoid use in one. The transient diplopia that we observed in another patient could be a side effect of TCZ, however diplopia related to this medication has not been reported previously.
In a trial published in Germany, TCZ was given to five colchicine resistant FMF patients without amyloidosis; three of them improved while one was stable and the other one had infusion reactions [32] . We observed no attacks in ten patients and significant decrease and nonresponse in one each. However it has been shown that IL-6 is involved in the pathogenesis of the FMF [24, 25] , the data is not sufficient to conclude that TCZ is effective in controlling the FMF attacks.
We were not able to screen SAA levels because it is not routinly tested in our laboratory, which we feel is the main limitation of this study.
Conclusion
TCZ may be an alternative in the treatment of FMF patients with AA amyloidosis who are resistant/intolerant to colchicine. It is well tolerated and has an acceptable adverse effect profile. TCZ was effective in controlling not only the signs related to amyloidosis but also the FMF attacks. Thus TCZ may be another treatment option besides anti-IL-1 approach even for colchicum resistant FMF patients without amyloidosis. One important point is that the patients should be followed closely for a rapid worsening of renal function after stopping or increasing the infusion interval of TCZ treatment. To conclude, TCZ seems to be an effective treatment option in patients with AA amyloidosis with few side effects. 
